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(54) Positioning of mobile station 

(57) The Invention relates to a method, a system 
and network nodes for posttlonkig a wireless terminal in 
a telecommunicatton system comprising a home net- 
work of the wireless temnlnai, at least one visited net- 
work in whose area the wireless tenninal may roam, at 
least one positioning part for locating the wireless ter- 
minal residing within the area of the telecommunication 
system, and a home location register comprising routing 
infomnatlon on the wireless tenninal, the routing Infor- 



mation enabling the location of the wireless temrilnal to 
be found out. The positioning of the invention comprises 
finding out (202) the location of a wireless terminal in 
re^onseto a poslttoning request received at a position- 
ing part, inrespecdveofwhetherthe wireless tenninal re- 
sides within the area of Its home network or wittiln the 
area of the visited network. A wireless temiinal other 
than that residing within the area of the home network 
of its own operator can thus also be located. 
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Deaeription 

FIELD OFTHE INVENTION 

[0001] The invention relates to positioning of a mobile 
station in a mobile communication system with an ac^ 
curacy of a oell, irrespective of whether the mobile sta- 
tion resides wfthin the area of Its home network or within 
.:the area of a visited network. A mobile communication 
network refers generally to any telecommunication net- 
work enabling wireless communication when users 
move within the service area of the system. 

BACKGROUND OFTHE INVENTION 

[0002] A mobile station can be located using several 
. different nfiethods. Positioning typtoalfy utilizes meas- 
urement information produced by a mobile station reg- 
istered in a mobile confimunlcation system e.g. In order 
- to Implementceil re-selection and, during an active radio 
connection, in order to e.g. monitor call quality. Such 
measurement Infomiatlon Includes e.g. the ceU Identity 
(Ceil ID, CD) of a serving cell, a Location Area Code 
(LAC), the radio channel used and the strength thereof, 
timing advance as well as the channels of surrounding 
radio cells and the strengths thereof. 
[0003] In prtor art positioning methods utilizing meas- 
urement infonmatlon, such as Pointer by Sonera, the 
network node canrying out positioning requests routing 
tnfpirnation on the mobile station, i.e. the address of the 
mobile services switching centre serving the mobile sta- 
tion, from the home location register containing sub- 
scriber Information on the mobile station. After receiving 
It, the nstworic node carrying out positioning checks 
whether or not the mobile senfices switching centre re- 
sides In the home network, i.e. In the same network as 
the network carrying out positioning. If the mobile station 
reskies In the home network, the network node carrying 
out positioning finds out Its location with an accuracy of 
a cell. Pointer, for example, utilizes an ATI ^Any Time 
inten^ogatlon) funt^on of MAPv3 (Mobile Applk^atlon 
Part) by means of which, in a GSM (Gk)bal SVstem for 
MobBe^ommunication) system, the locatton of a mobile 
station having an active radio connection can be found 
out with an accuracy of a cell. If the mobile sendees 
switching centre does not reside in the home network, 
the network node canying out positioning does not find 
out the location of the mobile station at all. Neither is the 
network node carrying out positioning capable of posi- 
tioning mobile stations other than those of Its own oper- 
ator because these are die only ones that have the same 
home network as the network node canying out posi- 
tioning. 

[0004] A problem with the prior art solutions is thus 
that when a mobile station roan^s In another network 
(visited network), the mobile station does not become 
located; therefore, the mobile station cannot be prevld- 
ed with location-specific value added services, such as 



local weather forecasts, Infomiation about local enter- 
tainment, or positioning of a mol!)ile user in the event of 
emergency. 

[0005] The location of a moblte station may also be 
s detemnined in ways other than those based on meas- 
urement infomiation in a telecommunication network, e. 
q. by means of a GPS (Global Positioning System) re- 
ceiver integrated In a mobile station during satellite po- 
sitioning. Also in these positioning methods, only a mo- 
^0 bile station residing in a home network is located. Fur- 
thennore, in these positbning methods, such as in sat- 
ellite positioning GPS, a mobile station should typically 
comprise certain properties, such as a GPS reoehrer. 

W BRIEF DESCRIPTION OF THE INVENTION 

[0006] An object or the invention is thus to provide a 
method and an apparatus implementing the method 
such that the above-mentioned problems can be solved. 
^ The object of the invention Is achieved by a method, a 
system and a network node whteh are characterized by 
what has been diseased in the Independent claims. Pre- 
ferred embodiments of the Invention are disctosed in the 
dependent claims. 
^ [0007] The Invention Is based on detecting the prob- 
lem and solving it such that imespective of whether a 
mobilestatton resteies within the area of a home network 
or within the area of a visited network, a positioning part 
of a mobile oommunteatlon system requests tocatton In- 
^0 formation on the mobile station from the home location 
register of the mobile station and locates the mobile sta- 
tion on the basis of this infomiatron. An advantage of the 
method and system of ti>e invention is that location in- 
fomiation Is obtained globally. A further advantage of the 
35 globally operating positioning part is that location infor- 
matton is aiso obtained from those networks that have 
no positioning part of their own . 
[0008] In a preferred embodiment of the Invention, 
one positioning part operating in accordance with the 
40 invention is Integrated into the system. An advantage of 
tills embodiment is low implementation costs and the 
possibility of selling a positioning sen^rce to other oper- 
alore. 

(0009] In a preferred embodiment of the invention , lo- 
cation Infomiation is requested utilizing the ATI function. 
A further advantage of this embodiment is that the po- 
sitioning can be implemented utilizing standard mes- 
sages; thus, it Is not a manufacturer-specific proper^, 
80 a standard tennlnal devtoe-can be used. 
[0010] In a preferred embodiment of the invention, a 
service platfonn requesting location {nfonnation com- 
prises conditions enabling allowed location Informatton 
dependent on the locatton of the temninal device to be 
filtered to the applbation using the Infonnatlon. An ad- 
vantage of this embodiment Is that the service platfomi 
ensures that the infomiation to be delhrered follows local 
regulations and does not have to be separately defined 
for each application. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[001 1 ] The invention is now described in closer detail 
In connection with the preferred embodiments and with 
reference to the acoonnpanying drawings, In which 
[0012] Figure 1 illustrates network eiennents of a sys- 
tem in accordance with a first prefen^ed embodiment of 
the invention; 

[0013] Figures 2» 3, 4 and S are flow diagrams ilius- 
trating the operation of a positioning part in accordance 
with the first prefenred embodiment of the Invention; and 
[0014] Figure 8 illustrates the operation of a sen/lce 
platform In accordance with the first prefenred embodi- 
ment of the Invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0015] TTie present invention can be applied In con- 
nection with any telecommunication system wherein a 
terminal device is able to move in the service area of the 
system such that it simuitaneously transmits infonmation 
to the system, on the basis of which information the lo- 
cation of the terminal can be determined with sufficient 
accuracy. Such systems Include e.g. "third generation" 
mobUe communication systems, such as a Unh^rsal 
Mobile Telecommunications System (UMTS), the pan- 
European GSN4 system and corresponding mobile tele- 
communication systems, such as GSM 1800 and PCS 
(Personal Communication System), as well as systems 
based on the above-mentioned ones, such as GSM 2+ 
systenfis. taSM 2+ phase services include e.g. GPRS 
(General Packet Radio Senrlce) and CAMEL (Custom- 
ised Applications for Mobile n^ork Enhanced Logic), 
in the following, the invention will bedescribed usingthe 
GSM system implementing a CAMEL service and the 
ATI function as an exemplary system, without being re- 
stricted thereto. Specifteations tor telecommunication 
systems develop rapidly. Such development may re- 
quire additional amendments to the Invention. There- 
fore, all words and expressions should be interpreted in 
a broad sense; they are only Intended to descnlae, not 
to restrict, the invention. As far as the Invention is con- 
cerned, the Important point is the function, not the net- 
work node where the function is executed. 
[0016] Figure 1 shows a simplified network architec- 
ture in accordance with a preferred embodiment of the 
invention, disclosing only some of the elements of a sys- 
tem 1 . The network nodes shown in Figure 1 are logk»l 
units whose Implementation may differ from the shown 
one. It is obvious for one skilled in the art that the system 
may also comprise other functions and structures that 
need not be described in closer detail herein. The sys- 
tem descrlptton is by no means binding, but suggestive. 
[0017] in networiffi 2, 3 according to the GSM system, 
mobBe stations MS are, through a radio connection and 
a base statton subsystem (not shown In figure 1), con- 
nected to a mobile senf Ices switching centre MSC serv- 
ing a particular mobile station. A task of the mobile serv- 



tees switching centre is to switch calls which Involve at 
least one mobile station MS. Some mobile services 
switching centres are connected to other telecommuni- 
cation networks, such as to a Public Switched Tele- 

5 phone Networi( (PSTN), and they contain switching 
functions for connecting calls to and from these net- 
works. These mobile sen/lces switching centres are 
called transit switching centres. 
[001 8] A mobile station MS herein generally refers to 

10 an entityconslsting of a mobile subscriber and the actual 
tennlnal. The GSM system uses e.g. an International 
Mobile Subscrber Identity IMSi and a Mobile Subscriber 
International ISDN Number MSISDN in order to identify 
a mobile station. 

15 [001 9] The GSM system comprises two types of sub- 
scriber databases. Subscriber information Is stored In a 
l-iome Location Register HLR for each subscriber in a 
particular network cuch that the subscriber infomnation 
is combined with the subscriber kientlty IMSl. Some of 

so the subscriber Infonrtation is stored pennanently and 
some semipemnanently Subscriber infonmation in- 
cludes e.g. routing infomiation, I.e. the address of the 
mobile services switching centre serving a particular 
subscriber. A Visitor i-ocation Register VLR is a register 

25 of another type. When a mobile station MS has regis- 
tered in a particular networic and is capable of Initiating 
or receiving a call, a vast majority of the subscriber in- 
fomnation in the home location register HLR concerning 
the mobile station MS is downloaded (copied) Into the 

30 visitor location register of the mobile services switching 
centre in the area of which the mobile station MS re- 
sides. The home location register HLR of the mobile sta- 
tion may be located in a diffeient network than the mo- 
bUe servtees swttohing centre MSC and the visitor ioca- 

35 tionregister.VLRsen/lngthemobilestation.Usually.the 
visitor kjcation register VLR and ti\e mobile eervbes 
switching centre MSC are integrated Into one networic 
element having the same address and number as the 
one identifying the networic node. 

40 [0020] Aservlce piatfonn SPS providing a positioning 
setv\e&, e.g. a standard positioning sen^ice. Is not an 
element of the achml GSM system, and it is typically 
connected to the^GSM system through a'Gateway Node 
GW, e.g. a short message gateway node or a WAP 

4S (Wireless Application Protocol) gateway node. A gate- 
way node ^W Is not necessarily a separate networic 
node but it can be integrated either into a server or Into 
a transit switching centre. The service platform SPS 
may beconnectedtoanynetwork, each service provider 

so providing a positioning servkje may have a senrtce piat- 
fonn of Its own, some of the senrtce providers may share 
a common service platfomi, or a service piatfonn may 
be a centralized service platform through which a single 
sen/ice can k)e provided globally, in a first preferred em- 

55 bodimentofthelnvention,theserviceplatfomicompri8- 
es a set of oondlttons by nrteans of whbh it filters re- 
cehred location Information. The filtering and the set of 
conditions will be described in closer detail In connectbn 
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with Rgure 6. In another embodiment of the invention, 
the service platfonn nnay be e.g. a prior art service plat- 
form. In the first prefenred embodiment of the Invention, 
a positioning part PO resides in an HLR signalling proxy 
HSP of the home location register. The PO is an appli- 
cation which is responsible for generating signalling 
messages and timing thereof such that a mobile station 
can be located with sufficient accuracy. In the first pre- 
f en-ed embodiment of the invention, the PO comprises 
short message functions e.g. for positioning of a mobile 
station, and service control functions. A short message 
function typicalty comprises generating a mobile termi- 
nated short message and transmitting It dlrectty to the 
mobile station through a mobile services switching cen- 
tre..The PO may also support nu mber portability and bill- 
ing. One positlGnLng part may serve several service plat- 
forms and, in a prefen-ed embodiment of the invention, 
one positioning part serves the whole system. Similarly, 
one service piatTorm may request a positioning service 
from several dffferent positioning parts. 
[0021] In some preferred embodiments of the inven- 
tion^ the system comprises a positioning database (not 
shown in Figure 1) to enable a cell identity to be con- 
verted into geographical coordinates. The positioning 
database may reside in the positioning part, in the serv- 
ice platform or it may constitute a separate database of 
its own, or it may be a part of a database. The positioning 
database iray also be a distrbuted database. Inembod- 
Iments which comprise a positioning database, depend- 
ing on the embodiment, either the positioning part or the 
service platform, or both, a separate network node or a 
system of a third party comprises means for using the 
positioning database. A separate positioning database 
may be located in a different networic than the network 
node using Its Information. Asfar as the Invention is oon- 
-cemed, It is irrelevant where the positioning database 
resides and by whom and in whtoh manner the infomria- 
tlon therein is utilized. 

[0022] The above-disclosed networic nodes may be 
located in a single networic or in several different net- 
works. The mobile station MS. the mobile servtees 
switching centre MSG and the visitor location register 
VLR naturally reside in the same network, which can be 
called e.g. the location networic of the mobile station. 
The location networic of the mobile station Is either the 
home networic 3 or the visited network 2. A home net- 
woric is a networic wherein the home location register 
HLR of a mobile station reskles. In the example of figure 
1, the mobile station resides In the visited networic 2. 
The positioning part HSP and the senHce platform SPS 
may both be located e.g. in the home locatton register 
of the mobile station. Another example Isthatthe service 
platform SPS resides in the location network of a mobile 
station and the positioning part resides In the network 
of an operator which sells a positioning service to other 
operators. A third example is that also the sen^ice plat- 
fonn resides In the network of its own operator, the net- 
woric being none of the above-mentioned networics. The 



, Invention thus enables poslttoning to be implemented 
using no more than only one positioning part whose lo- 
cation is irrelevant such that ail mobile stations operat- 
ing In the system can be located within the coverage 
5 area of the whole system. It will suffice that the position- 
ing part has a connection to the home networic of the 
mobile station to be located. 
[0023] The operation of a positioning part according 
to the first preferred embodiment of the invention is if- 
io lustrated in Figures 2, 3, 4 and 5. Figure 2 shows the 
baste principle of the operation, Figure 3 shows In detail 
af irst timing procedure, Figure 4 shows asecond timing 
procedure, and Figure S shows an error analysis, it is 
for the sake of clarity assumed In the timing procedures 
f 5 of Figures 3 and 4 that no error infonnation Is received 
from the networic. In the first pnefernsd embodiment, It Is 
assumed that a sen/k:e request relating io positioning, 
i.e. a positioning request, Is always delivered to a sen^- 
ice platfonn which asks the positioning part to locate a 
mobile station. A positioning request may be. issued e. 
g . by the mobile station to be located. In whtoh case the 
positioning reqi^t typically relates to a service to be 
provided based on location. A positioning request may 
also be issued by an application, such as a vehicle po- 
sitioning appiteatlon, which asks a mobile station at- 
tached to a vehicle to be located. 
(0024] Refening to Figure 2, the positioning part re- 
ceives a positioning raque^ from the senrtoe platfonn 
at point 201 . In the GSM system, a poslttoning request 
typically includes a mobile user's mobile station number 
MSISDN. In response to receiving the positioning re- 
quest, at point 202 the positioning part transmits a po- 
sitioning request ac^cording to the ATI function, i.e. an 
ATI intenogatlon 1 , to the home location register con- 
taining 8Ub8crft>er Infonnation on the mobile station . The 
positioning request may be e.g. a 'Positioning Requesr 
or an "Any Time Interrogation" message. The address 
of the home location register is obtained by deriving It 
from the mobile station number e.g. according to the pri- 
or art. In the GSM system, an SCOP protocol is used for 
routing signalling, a positioning request being directed 
to a correct home k)cation register by nteans of aGbbal 
Titfe (GD of the SCOP protocol. In the first preferred 
embodiment of the invention, the home tocatlon register 
that received the ATI interrogation finds out, according 
to the prior art, utilizing the visitor location register of the 
mobile station, the location of the mobile statton e.g. by 
transmitting a "Positioning Request" message accord- 
ing to the MAPv3 protocol or a 'Provide Subscriber info* 
message si4)ported by even earlier MAP protocols. In 
the first preferred embodiment, It Is assumed that the 
visitor location register, as a response to the Interroga- 
tion issued by the home location raglster, returns Infor- 
mation on the location of the mobiie statk)n with an ao- 
curacy either of a location area or a ceil, as well as a 
time stamp TS to enable the time passed since the last 
radio connection to be estimated, in other words, in the 
first prefened embodiment, the response of the visitor 
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location register, as location information, contains either 
the cell identity Cell ID of the cell wherein the mobile 
station resides, or the location area code i^C of the mo- 
bile station. Instead of the location area code of the mo- 
bile station, the response may contain the ictontifier of 
the location area of tiie mobile station. The identifier an- 
yway typically contains the location area code. The re- 
sponse typically contains a cell Identity Cell ID when the 
mobile station has an active radio connection to the net- 
work, in some other embodiment, the response may 
contain the location coordinates of the mobile station. In 
connection with the present description, location coor- 
dinates designate the location of a mobile station with 
an accuracy of at least a cell and, in Figures 2, 3, 4 and 
5, receiving such coordinates means receh/ing a cell 
identity. If the response contains no location Information, 
it contains infomnation about an en-or, e.g. as an error 
code. To the posltfoning part, the home location register 
delivefB either the received location infbmialion and the 
number VLR-num of the visitor location register serving 
the mobile station (or of the visttor location register that 
last served it), or the error. 

[0025] At point 203, the positioning part receives a re- 
sponse to the ATI intemogation 1 from the home location 
register. After receiving the response, at point 204, the 
positioning part checks whether or not the response 
contained an error. If so, at point 205, the positioning 
part carries out an error analysis and transmits a re- 
sponse to the service platfomn. Point 205 will be de- 
scribed in closer detail In connection with Figure 5. 
[0026] If the response contained no error (point 204), 
at point 206 the positioning part checks whether or not 
the re^onse contained a cell identity Cell ID. If the re- 
sponse contained no cell identity either, it did contain 
the location area code, and at point 207, the positioning 
part executes a second timing 2 and transmits a re- 
sponse to the service platfomn. Point 207 will be de- 
scribed In closer detail In connection with Figure 4. 
[0027] If the response contained a cell identity Cell ID 
(point 206), at point 208 the positioning part executes a 
first timing 1 and transmits a response to the sen^e 
platform. 

[0028] Figure 3 describes, in closer detail, steps of 
point 208 in Figure 2, i.e. the first timing and the Infor- 
mation whteh is transmitted to the service platform on 
the basis of the first timing. In other words, the process 
in Figure 3 starts when a response to the first ATI inter- 
rogatton 1 was received, which contained a cell identity 
Cell ID and a visitor location register number VLR-num 
(point 301 ). The first timing starts when, at point 302, it 
Is checked whether or not the time stamp TS included 
in the response Is smaller than a predetemilned time 
limit X. A time stamp is a value which indicates the time 
that has passed since the last radio^onnection. For ex- 
ample, a value 0 may mean that the radio connection 
was acth/e when the location infonnation vims asked for, 
and a value 1 that one minute, at most, had passed since 
the last radio connection when the location infbnnation 



was asked for. 

[0029] If the time stamp TS Is smaller than X (point 
302), at point 303 the positioning part transmits the vis- 
itor location number VLR-num In the ATI interrogation 1 
s re^onse and the cell identity Cell ID to the sen^ice plat- 
form. 

[0030] If the time stamp TS was not smaller than X 
(point 302), the location information is so old that the 
cun^ent location of the mobile station is to be checked; 

10 therefore, at point 304, the positioning part requests 
routing Infonnation from the home locatton register of 
the mobiie station. In the example of Figure 3. at point 
305 the positioning part receives, as a response to Its 
routing request, the number MSC-num of the mobile 

15 services switching centre sen/ing the mobile station (or 
of the mobile services switching centre that last served 
it), it is usually the same as the visitor location register 
number VLR-num. (The response could include Infor- 
mation about an error, in which case e.g. the visitor lo- 
cation register number VLR-num in the ATI interrogation 
1 response, the cell Identity Cell ID and the time stamp 
TS could be transmitted to the servtoe platfonn). 
[0031] After receiving the number MSC-num of the 
mobile servtees switching centre, at point 306 the posl- 

ss tloning part transmits a short message to the mobile sta- 
tion, utilizing the number of the mobile senrices switch- 
ing centre. The short message enables an active radk> 
connection to be set up from the networtcto the mobile 
station , thus finding out the cell where the mobile statton 

30 resides, provided that the mobile station has registered 
into the network and does not reside In a shadow area. 
At point 306, the short message to be transmitted is pref- 
erably invisible to the recehrer, and a "nomrtaT short 
message. I.e. a message based on one short message 

35 only. 

[0032] At point 307, an acknowledgement Is received 
concerning the delivery of the short message; in the ex- 
ample of Figure 3, the acknowledgement Is assumed to 
be a notification indtoating that the short message was 

40 delivered successfully. 

[0033] After receiving the acknowledgement, at point 
308 the positioning part transmit a pofiitk>ning request 
according to the ATI function, i.e. an ATI interrogatton 2, 
to the home location register confining subscriber ln=- 

45 fomnation on the mobile station. In accordance with what • 
has been disclosed above, the home location register, 
utilizing the visitor location register, finds out the location 
infomiatton on the mobile station forthe update of whteh 
kx:ation Infonmatlon the short message was transmitted 

so at point 307. At point 309, the positioning part receives 
a response to the ATI interrogation 2 from the home to- 
cation register. Atpolnt310. It Ischecked whether or not 
the response contained the cell IdentltyCell ID of the 
cell where the mobile station resides. If so, at point 311 

ss the positioning part transmits the visitor location register 
nurriber VLR-num in the ATI intenogation 2 response 
and the ceil identi^ Ceil ID to the service platform. If the 
response contained no cell identity-Cell ID (point 310). 
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9 EPi: 

at point 303 the positioning part transmits the visitor io- 
catron register number VLR-num In the ATI interrogation 
1 response and the cell identity Cell lD to the sen/Ice 
platform. 

[0034] The first timing thus enables a sufficiently 
Hresh" location, and not e.g. the location ten minutes 
ago, to be delivered as the location infomnation on the 
mobile station when more recent location information is 
obtained by means of timing. 
[0035] Rgure 4 shows, In closer detail, steps of point 
.207 of Figure 2, i.e. the second timing and the informa- 
tion transmitted to the platform on the basis of the sec- 
. ond timing, in other words, the process In Figure 4 starts 
when a response was receh/ed to the first ATI Interro- 
gation 1 , which contained the location area code LAC 
and the visitor lecatlon register number VLR-num (point 
401). The second timing starts when the positioning 
part, at point 402, requests routing infonnation from the 
home location register of the mobile station, in the ex- 
ample of Figure 4, It is for the salce of clari^ assumed 
that at point 403 the positioning part nsceives, as a re- 
sponse to Its routing request, the number MSC-num of 
the mobite services switching centre serving the mobile 
station (or of the mobile services switching centre that 
last served it). (The response could have contained in- 
formation about an enor, in which case e.g. the visitor 
location register number VLR-num In the ATI inten'oga- 
tion 1 response and the location area code LAC could 
be transmitted to the service platfomi). 
[0036] At point 404, the positioning part transmits a 
short message to the mobile station, utilizing the number 
of the mobile services switching centre. The short mes- 
sage to be transmitted at point 404 is preferably a short 
message invisible to the receiver, indicating that further 
short messages win follow. In other words, the short 
message has an MMS (More Messages to Send) flag 
on. As a result, the radio connection remains active, 
wafting for these new short messages; therefore, the 
mobile station can be located in a more reliable nnanner 
than when using a "nomiar short message. 
[Cra37] At point 405, an acknowledgement is received 
concerning the delivery of the short message; in the ex- 
ample of Figure 4, the acknowledgement Indteates that 
the short message was delivered successfully. At point 

406, the positioning part thus transmits a positioning re- 
quest according to the ATI function, i.e. an ATI inten'o- 
gation 2, to the home location register containing sub- 
scriber infonnation on the mobile station. In accordance 
with what has been described In connection with Figure 
2, the home location register, utilizing the visitor location 
register, finds out the location infonnation on the mobile 
station for the update of whteh location infomnation the 
short message was transmitted at point 404. At point 

407, the positioning part receives a response to the ATI 
Inten^ation 2 from the home location register and, at 
point 408, via the mobile services switching centre, 
transmits information to the mobile station indicating 
that no new short messages are to be Included into the 
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same message by transmitting e.g. an 'abort MMS" 
message. At point 409, the posittoning part checks 
whether or not the response contained the cell Identity 
Ceil ID of the ceil where the mobile station resides, if so, 
5 at point 41 0 the positioning part transmits the visitor lo- 
cation register number VLR-num in the ATI intenrogatlon 
2 response and the ceil identity Cell 10 to the service 
platform. 

[0038] If the response contains no ceil Identity (point 
10 409), it is checked at point 411 whether or not the re- 
sponse contained the loc^lon area code LAC. if so, at 
point 412 the positioning part transmits the visitor loca- 
tion register number Vl-R-num in the ATI interrogation 2 
response and the location area code LAC to the ser^ 
« platfomi. 

[0039] If the response contained no location area 
code LAC either^point 411 ), at point 41 3 the positioning 
part transmits the visitor location register number VLR- 
num in the ATI Interrogation 1 response and the location 

20 area code LAC to the 8ervk» plotfonn 

[0040] Although the example of Figures 3 and 4 use 
a short message for finding out more recent or more ac- 
curate location information, rt is obvious to one skilled 
in the art that the way In which the more recent^more 

25 accurate location Information is found out is In-elevant 
to the invention. Instead of short messages, another 
technkiue, such as solutions based on an IP technique, 
can be used. 

[0041] Figure 5 describes, in closer detail, steps of 

30 pofnt 205 of Figure 2, I.e. an error analysis and the in- 
formation to be transmitted to the service ptatfonn on 
the basis of the em)r analysis. In other words, in Figure 
5 the proc^ starts when a response containing an er- 
ror was recehred to the first ATI lntent}gation 1 (point 

3s 601).Theenroranalysl8stariswhenthepositk3ningpart, 
at point 502, checks whether or not the error was the 
fact that ATI was not allowed. ATI Is not allowed e.g. 
when providing a network with ATI is prohibited or when 
the iocatton network does not support CAMEL. If ATI is 

^ not allowed, at point 503 the positioning part transmits 
an error notlffcation "Networic Failure Exception" con- 
taining infonnation about the error to the sennce plat- 
form. 

[0042] If the en^r was not 'ATI not altowed" (point 
^ 502), at point 504 the positioning part requests routing 
information from the home location register of the mobile 
station. At point 505, the positioning part receives a re- 
sponse to its routing request and, at point 506, checks 
whether or not the response contained the number 
30 MSC-num of the mobile senses switching centre serv- 
ing the mobile statton (or of the mobile services switch- 
ing centre that last served It), if the response did not 
contain the number of the mobile servk^es switching 
centre, It contained Infonnation about en error, and an 
55 error notiflcatton 'Networtc Failure Exception" containing 
the informatk>n on the en'or contained In the response 
Is transmitted to the service platfomfi at point^03. if the 
response did contain the number of the mobile servtees 
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switching centre, an error notification "Network failure 
Exception" containing the number IVISC-num of the mo- 
bile services switching centre contained in the response 
Is transmitted to the service platform at point 507. TTils 
enables the delivery of information indicating at least the 
operator in whose network or the country in which the 
subscriber resides. 

[0043] Figure 6 illustrates the operation of a sendee 
platform according to the first preferred embodiment of 
the Inventton. in the example of Figure 6, a set of con- 
ditions accorcBng to which the service platform filters Its 
data Is, for the sake clarity, extremely simplified, and It 
is only intended to Illustrate the filtering in accordance 
with the set of condittons. In the set of conditions of the 
example in Figure 6, It Is assumed that the location of a 
person residing In Finland only is not to be fonvarded. 
It is obvious to one skilled in the art that conresponding 
conditions also exist In other countries and that tiic set 
of conditions may be a set comprising even a large 
number of conditions. In the example of Figure 6, no 
stand is taken on thefomn in which the location infomia- 
tlonlsprovided andwhetherornotit hasto be converted 
into coordinates, for example, but, for the sake of clarity, 
It is assumed that the location infonnation is delivered 
as such. 

[0044] In Figure 6, the process starts when at point 

601 location Information containing a VLR number is re- 
ceived Utilizing the VLR number, it is checked at point 

602 whether or not the mobile station to be located re- 
sides in Finland. On the basis of the VLR number, the 
location country and the operator can be found out If 
the mobile station to be located resides In Rnland. it is 
checked at point 603 whether the mobile station locates 
a person or some^ing else. This can be checked e.g. 
utilizing infonnation maintained in the home location 
register, the application that requested the positioning 
infomiatlon from the service platform could have added 
infomnation to Its request about the type of the subscrib- 
er of the nrwblle station being iocated. or the number of 
the mobile station to be iocated in Itself may indicate the 
type of the subscriber. If the mobile station tocatesaper- 
son (point 603). at point604 it Ischecked whether or not 
the applcation requesting the positioning is authorized 
to access the locatton infomnatton. Whk:h application is 
authorized to access location Infomnatton may be deter- 
mined e.g. in the service ptatfomi. In Rnland. tocation 
information associated with a person can be delhrered 
e.g. to emergency exchanges, fire and rescue depart- 
ments orto the police, if the appltoation is authorized to 
access location infomiatk>n, It is delivered to the appli- 
cation at point 60S. If the applteatlon is not authorized 
to access the location infonnation, it Is not given to the 
applteation but, at point 606, information is transmuted 
about the fact thatthe infonmation is inaccessible orthat 
it Is forbidden to give the location Information. A mes- 
sage "could not locate the requested MS", for example, 
can be transmitted to the appltoation. 

[0045] If the mobile etotion resides somewhere else 



than in Finland (point 602). the location infomriatlon on 
the mobile station is delivered to it at point 60S. 
' [0046] In the example of Figure 6. a first condition 
checks the location country (Rnland or another coun- 

5 try), and then, depending on the location country, addi- 
tional conditions ane^hecked. In the example of Figure 
8, several conditions are detemnlned for the location 
country Rnland, whteh need to be checked before de- 
livering the location In fomiation. In otherwords, thecon- 

10 ditlon/set of conditions associated with the location net- . 
work of the mobile station are used for controlling which 
kind of location infonnation Is delh/ersd to the final ap- 
plication, I.e. at which accuracy the location can be gh^- 
en. It is obvious to one skilled In the art that the sets of 

IS conditions can be provided according to operators, 
countries, regions, etc., Just as the operatordeslres. The 
sets of conditions enable e.g. the legislation of the loca- 
ticn country of the mobile station to be taken Into ac- 
count: in Finland, It Is allowed to disclose where a vehi- 

20 cle resides, in Russia it Is also alkiwed to disclose where 
a driver resides. When the condition/set of conditions 
has been determined in the sen^lce platform, It does not 
need to be detenmined separately for each application. 
It is thus easier to keep the Infonmation up-to-date. 

23 [0047] The points set forth above in connection with 
Figures 2, 3, 4, 5 and 6 are not given In an absolute 
chronotogkal order, and some points can be executed 
simultaneously or in a different order than the shown 
one. Other functions may also be executed between the 

30 points. Some points may also be omitted. In Figure 2, 
for example, in some embodiments, a response can be 
directly forwarded without analysing it in any closer de- 
tail, in otherwords points 204 to 208 can be replaced by 
a point wher^n a response is transmitted to the service 

35 platform. In some other embodiment, the tfrning 1 can 
be omitted and directly forward the cell Identity Cell ID. 
Similarly, the error analysis or timing 2 can be omitted. 
|]004S] The above-disclosed functionality requires 
that the home network and the location network of the 

40 mobile statbn to be k>cated.ln solutions based on the 
GSM system support the CAMEL sen^ (at least the 
CAMEL phase 1 support), and that the ATI function is 
activated in the home nehwork. In solutions based on 
other systems, the networks must support features by 

45 nrteans of whteh the confespondlng Infonnation necessi- 
tated by the invention is obtained. To be more precise, 
they must support the delivery of location Infomnation 
between different networks. Usually posttioning servto- 
es f urtiier require that the system comprises a database 

50 whteh enables a<:ell identity to be converted Into coor- 
dinates. 

[0049] Although the invention has been described 
above assuming that the home location register, by 
nfkeans of whtoh the location of a mobile station in a sys- 
55 tern is found out, finds outthe location utilizing the visitor 
location register of the system, it Is obvious to one skilled 
in the art how the invention is Implemented In solutions 
wherein already the home location register Is provided 
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with corresponding information on the iocation of the 
mobile station, or wherein the home location register 
asl<$ the visitor location register to transmit the location 
Information directly to the positioning part or wherein the 
positioning part receives, from the home location regis- 
ter, the address of the visitor location register and itself 
requests the location Infomfiation on the mobile station 
from the visitor iocation register. 
[0050] The telecommunication system implementing 
the functionality of the present invention comprises, In 
addition to the equipment necessary for implementing 
prior art servicesi means for implementing the position- 
ing functionality as described above. Existing network 
nodes comprise processors and memory that can be uti- 
lized for the functions of the Invention. All changes nec- 
essary for impiemenung the Invention can be carried out 
as routines that can be implemented as added or updat- 
ed software routines, or included in application circuits 
(ASIC) and/or programmable circuits, such as EPLD 
(Electrically Programmable Logic Device) or FPGA 
(Field Progranrtmable Gate Array). 
[0051] It is obvious to one sidlled In the art that as 
technology advances, the basic idea of the invention 
can be implemented in many different ways. The inven- 
tion and its embodiments are thus not restricted to the 
above-described examples but may vary within the 
scope of the claims. 
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requesting <202) location Infomiatlon on the 
wireless temninai from the home location regis- 
ten 

receiving (203) the location Infonnnation; 
checking (206) whether or not the location in- 
fomnation indicates the location of the wireless 
tenminai with an accuracy of at least a cell; and 
if so, the iocation infomiatton on the wireless 
tenminai Is returned as a response to the posi- 
tioning request. 

A method as claimed in daim 1 , charaeterlzed in 
that the step of finding out compriseSi at the posi- 
tioning part, at least the following steps: 

requesting (202) location information on the 
wireless temninal from the home location regis- 
ter; 

receiving (203) the iocation infomnation; 
checking (208) whether or not the location in- 
fomratlon Indicates the iocation of the wireless 
tenminai with an accuracy of at least a cell; and 
If so, checking (302) whether or not the age of 
the location infonmatlon Is below a predeter- 
mined time limit and, if so, returning (303) the 
iocation infomiation on the wireless tenminai as 
a response to the positioning request, and the 
age of the iocation infomiatlon exceeds the pre- 
determined time limtt, the location is found out 
(304 to 312) again. 



A method for positioning a wireless terminal in a tel- 
ecommunication system comprising a home net- 
woric of the wireless temninal, at least one visited 
rework within whose area the terminal may roam, 33 
at least one positioning partf or locating the wireless 
terminal residing within the area of the telecommu- 
nication system, and a home location register com- 
prteing routing Information on the wireless terminal, 
the routing information enabling the location of the 
wiretess terminal to be found out, the method com- 
pilslng at least the following steps: 

receiving (201), at the positioning part, a posl- 
tk)ning request oonceming the wireless termi- 
nal; 



charaeterlzed by 

finding out (202) the location of the wireless ter- 
minal In response to receiving the positioning 
request, Irrespective of whether the wireless 
terminal resides within the area of its home net- 
wori( or within the area of the visited network. 

A method as claimed in davn 1 , characterized in 
that the step of fincfing out comprises, at the posi- 
tioning part, at least the following steps: 



so 



55 



A method as claimed in daim 3, characterteed in 
that finding out the tocatlon again comprises at 
least the following steps: 

requesting (304) routing infonnation on the 
wireless temninai from the home iocatton regis- 
ter; 

receh/ing (305) the routing infonmation; 
transmitting (307), using the routing informa- 
tion, a short message to the wiretess tenminai; 
in response to an acknowledgement of the 
short m^sage, requesting (310) again the lo- 
cation infonmation on the wireless tenmlnalfrom 
the home location register 

A method as claimed in claim 2, 3 or 4, character- 
ized in that ff the iocation Information indicates the 
iocation of the wireless terminal with an accuracy of 
a location area, the method further comprises the 
following steps: 

requesting (402)^ routing infonnation on the 
wireless tenminai from the home location regis- 
ten 

recehring (403) the routing infonnation; 
transmitting (406), using the routing infomna- 
tion, a short message to the wireless terminal; 
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in response to an acknowledgement of the 
short message, requesting (409) again the to- 
cation tnfomfiation on the wireless temrttnal from 
the home location register. 

6. A method as claimed In claim 2, 3, 4 or 5, charac- 
terized in that if the location information contains 
an error notification, the method further comprises 
the following steps: 

checking (602) whether or not the error indi- 
cates thatflnding out the location is not allowed; 
If sOp the method further comprises the follow- 
ing steps: 

requesting (504) roudng Infonnatton on the 
wireless terminal from the home location 
register, 

receiving<50S)the routing fnfomriation; and 
if the routing information contained the 
numt>er of the network node serving the 
wireless temnlnal. an error notitbation con- 
taining the number of the network node 
serving the wireless temninal is returned 
(507) as a response to the positioning part. 

7. A method as claimed In any one of the preceding 
claims, 

characterized In that 

maintaining at least one condition lay means of 
which it Is checked whether or not the tocatlon 
of a mobile station Is allowed to be forwarded 
from a servk» platform which delivered the po- 
sitioning request; and 

foro^arding the location infomnation with an ac- 
curacy allowed by a set ol conditions. 

8. A telecommunication system ^^ ) comprising 

at least one wireless temfilnal (MS), 
a home network (3) for the wireless tenninal, 
a home location register (HLR) in the home net- 
work, comprising routing Infomrtation on the 
wireless tenninal, the routing infomnatlon ena- 
bling the location of the wireless tenninal to be 
found out, and 

at least one visited network (2) in whose area 
the wireless tenninal may roam, 

eharaeterizMi In that the system further 
comprises 

at least one positioning part (PO) for locating 
the wireless temnlnal by means of the home lo- 
<jatlon register, Irrespective of whether the wire- 
less tenninal resides within the area of Its home 
network or within the area of the visited net- 



work. 

9. Atetecommunicatlon system (1 ) as claimed in claim 
6. char-aderlzed in that the positioning part (PO) 
5 and the home location regl8ter<HLR) both comprise 
an Interface supporting an ATI function fortransmit- 
ting information between the honrte tocation register 
and the positioning part. 

to 10. A telecommunication system (1 ) as claimed inclaim 
Bor9, 

characterized In that it comprises only one posi- 
tioning part (PO). 

15 11. Ateleconvnunication system (1 ) as claimed inclaim 
8. 9 or 10, characterized In that It comprises at 
least one service platfonn, whteh deHvers a posi- 
tioning request concerning the wireless tenninal to 
the positioning part and whteh comprises at least 

20 one condition on the basis of which the serves plat- 
fomri checks whether or not It is allowed to forward 
the location infonnation nsceived from the posltton- 
ing part 

£5 12. Ateieoommunlcation sy^em asclaimed In claim 11 , 
ehap«cterizad in that the condition relates to reg- 
ulations concerning the delivery of location Infonna- 
tion in a country where the tenninal resWes. 



30 13. Ateleconrtmunicatlon system (1) as claimed in claim 
8. 9, 10, 11 or 12, charactertzed In that it (1) is a 
mobile communication system and the wireless ter- 
minal (IMS) Is a mobile station. 

35 14. A network node (HSP) in a telecommunteatlon sys- 
tem comprising a wireless tenninal, its home net- 
work, at least one visited network In whose area the 
wireless tenninal may roam, and a home location 
register comprising routing Infonnation on the wire- 

40 less tennlnai, the routing information enabling the 
location of the wireless tenninal to be found out, 
characterized in that 

the network node <HSP) comprises at least a 
positioning part <P0) for tocating the wireless termi- 

45 nal by means of the home location register, inre- 
^aotive of whether the wireless tenninal resides 
within the area of its home network or within the ar- 
ea of the visited network. 

50 15. Anetworknode(HSP)asclalmedinciaIm14,char^ 
aeterized in that the positioning part (PO) of the 
network node Is configured to check the age of the 
location information received from the home loca- 
tton register and, In response to the age exceeding 

59 a predetemrrined age limit, to ask the home location 
register to locate again the wireless temninal. 

16. A network node*(SPS) In a teleoommunlcatlon sys- 
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tern comprising a wireless terminal. Its home net- 
work, at least one visited network in whose area the 
wireless tennlnal may roam, characterized In that 

the network node <SPS) is configured to find s 
out. utilizing the received focotton infonnab'on 
on the wireless terminal, the locatton network 
of the wireless terminal irrespective of whether 
the wireless terminal resides within the area of 
its home network or within the area of the visited 10 
network, andtofonwardthe location infomatlon 
with an accuracy allowed by a condition related 
to the kxsatlon network. 
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